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Abstract

The patient with AIDS is at risk for infection with a myriad of organisms spanning the full spectrum
from viruses to parasites. In many instances, etiologies associated with the more compromised
AIDS patient rarely if ever cause disease in the immunologically stable host, thus possibly making it
difficult to recognize the pathogens and to interpret their role in disease. Newer methods of testing,
including direct antigenic/genetic material detection by enzyme immunoassays, monoclonal fluores-
cent studies or genetic probes, as well as by molecular amplification systems are on the brink of rev-
olutionizing the routine approach to diagnostics. Unfortunately, the increased sensitivity of the test
methods often compromises their specificity, further increasing the difficulty in result interpretation.

Notwithstanding the problems inherent in test methodologies, more etiologies than ever have been
associated with infections in the immunocompromised host. In most instances, newer methods can
detect fungi (such &neumocystis cariniCryptococcus neoformandistoplasma capsulatunand
Coccidioides immitis parasites (such as cryptosporidia, microsporidia, and cyclospora), and myco-
bacteria (such aMycobacterium tuberculosidMycobacterium aviuntomplex, Mycobacterium
genavenseandMycobacterium haemophilgnguite readily. It is important that carefully formu-

lated testing pathways or formats be utilized to allow for timely and correct evaluation and diagno-
sis, thus allowing for institution of appropriate therapy and, hopefully, good outcomes.

Introduction Thus, diagnostic techniques in the laboratory
must include means by which to detect these
Depending on the extent of debilitation in the vast and very disparate groups of organisms. In
immune system, an HIV-infected person is most instances, techniques need to include vari-
prone to invasion by and increased pathologyous microscopic methods and cultures incorpo-
due to an extremely wide array of microorgan- rating a variety of media and incubation
isms. As the CD4 counts decrease, due to conenvironments.
tinued HIV replication, the list of potential
pathogens continues to increase, spanning th&erologic studies are usually suboptimal for the
full spectrum from viruses to parasites. At the timely diagnosis of disease in the immunologi-
lower limit of immunity, even microorganisms cally compromised host, although they may
normally considered non-invasive or commen- play a contributory role only in such instances
sal become invasive pathogens with capabilityas the diagnosis of coccidioidomycosis (Valley
to cause not only morbidity but also mortality. Fever) and toxoplasmosis. Methods to detect
With the introduction and acceptance of antiret- invasive organisms by enzyme immunoassay,
roviral agents in the treatment of patients with fluorescent tags or other tagging technologies
HIV disease, the incidence of AIDS-defining also play roles, but may be inconsistent in their
illnesses has declined substantially. However,sensitivities, specificities and positive as well as
their overall spectrum remains unchanged.negative predictive values.

141



1998 (ONFERENCEON THE LABORATORYSCIENCEOF HIV

Molecular amplification techniques have onlgnd Papilloma virus (PV) which is the causative
recently been introduced into the clinical laboragent of oral hairy leukoplasia.

tory and are now being evaluated for their rou-

tine application in patient care. Unfortunateljgtiologic agents of esophageal disease in the
such methods are most frequently not standalifV seropositive patient include an expanded
ized at the present time, thereby potentially préPectrum of microorganisms. Specimens for
viding results from different laboratories havingvaluation should include esophageal brushings
poor agreement, thus creating confusion asa&ad endoscopically collected biopsigSandida
their interpretation and use in the clinical settinglbicansand Candida glabratacan be detected
Additionally, the increased sensitivity of thesBy the Gram or calcofluor white stains (a fluores-
methods often compromises their specificitpent stain preferentially binding to the chitin in
further increasing the difficulty in result interprefungal cell walls) or the histologic Periodic-Acid
tation. Standardization of methods and evaluachiff (PAS) and/or Grocott-Methenamine Sil-
tion of outcome studies are critical iver (GMS) stains, or by culture. Far less com-
amplification techniques are to become usefmonly, Histoplasma may be found in esophageal
and cost-effective in the diagnosis and manadesions after hematogenous dissemination; fungi

ment of infectious disease in HIV-infecte@uch as Aspergillus, the zygomycetes, and Cryp-
patients. tococcus may be detected rarely either by histo-

logic stain or culture. On occasion, esophageal
Because many pathogens found in the immuresions may be caused by such mycobacteria as
logically compromised host may also be found. tuberculosisand M. avium complex which
in the environment or as colonizers, it is frenay be detected by acid fast stain or culture. Of
quently essential to confirm an isolate’s paththe viral etiologies, CMV is most common and
genic role through histologic evaluation of themay be implicated by histologic staining for
site of infection. This is especially true if theharacteristic intranuclear inclusions. HSV and
organism is detected at a non-sterile site suchE®V may also be found and these are best
sputum or skin lesion. A close working relatiordetected by in-situ hybridization studies.
ship and facilitated communication between the
microbiology and histologic sections of the labd-ower Respiratory Tract
ratory should be encouraged and supported.
The overall spectrum of etiologies and incidence
rates of lower respiratory tract infections in HIV-
infected patients are shown in Table 1. The most
Upper Respiratory Tract common causes are shown in Table 2. Bacterial
infections are still the most common and the
Evaluation of patients with HIV disease presentase definition of AIDS was revised in 1993 to
ing with oral lesions should include brushingaclude recurrent bacterial infection. Associa-
and/or biopsy for histologic analysis and cultutéon between bacterial groups causing progres-
for viruses and fungi. Of the fungi, the yeasive disease and cellular defects include: a)
Candida is most frequently associated with susbppression of T cell function with Legionella,
lesions, although Cryptococcus, HistoplasmBocardia andRhodococcus equb) dysfunction
and Geotrichum may occasionally be involvedf B cells with the pyogenic bacteria, especially
Viral etiologies usually include Herpes simplegtreptococcus pneumoniaand Haemophilus
virus (HSV), Cytomegalovirus (CMV), Epsteininfluenzae and c) abnormal neutrophil function
Barr virus (EBV), Varicella-Zoster virus (VZ),in chemotaxis, phagocytosis and intracellular

Laboratory Overview
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killing with Staphylococcus aureusnd the spheres and temperatures. Additionally, diarrhea
Gram- negative bacilli. in this set of patients can also be caused by acid-
fast bacilli (AFB) in theMycobacterium avium
Evaluation of AIDS patients with pulmonarycomplex (MAC), viruses such as herpes simplex
infiltrates should include the collection of expegHSV), cytomegalovirus (CMV), and adenovi-
torated or induced sputum, bronchoscopicalis, and an ever increasing number of parasitic
collected material, blood, and possibly CSF argiologies such as Giardi&ntamoeba histolyt-
urine for a variety of stains, cultures and anfeca, Isospora, Cryptosporidia, Microsporidia,
genic determinations as clinically indicategnd Cyclospora. Full scale evaluations become
(Table 3). One should remember that infectiggery time-consuming and expensive in the labo-
rates with certain organisms may vary geograpfatory; thus, clinical parameters should guide the
ically depending on specific endemic areas (edlinician in determining the extent of the studies
histoplasmosis, coccidioidomycosis, nocardigo pursue. Studies may include routine bacterial
sis, and legionellosis) and consideration shouditures of stool specimens (to detect Campylo-
be given to residence area and/or travel histogacter, Shigella, and Salmonella), other bacterial
Geographic variation may also occur in prevaultures as indicated (e.€. coli 0157 which
lence of specific antigenic serogroups of orgafiray not be detected by routine culture), assay
isms and thus increase or decrease sensitivifi@s Clostridium difficile toxin when indicated
and specificities of many studies. As an exaftulture for the organism is not normally help-
ple, Legionella pneumophilaerogroup 1 seemsyl), culture and acid-fast staining for mycobac-
to be the prevalent cause of legionellosis {8ria, stool viral studies by electron-microscopy
Northeast United States, but serogroups 4, 6, gfst Corona-like viruses, etc.), or enzyme linked
8 or even other species of Legionella may prignmunoassay (ELISA; for adenovirus, astrovi-
dominate in the Southwest. Thus, diagnosis @fs, rotavirus), and parasitic examinations. Para-
legionellosis by detection of serogroup 1 antigefttic exams should include not only the normal
(which is the only serogroup for which a test isains for traditional parasites, but also the newly
currently available) in urine is compromised ifhtroduced and more sensitive direct fluorescent
the Southwest where sensitivity of such studigsethods or ELISA for Cryptosporidia and Giar-

drops drastically. dia. Diagnosis of microsporidia is best accom-
_ ) plished by using the Warthin-Starry silver stain
Gastrointestinal Tract or the Brown and Brenn gram stain for histologic

evaluations of tissue specimens; fluorochrome
One of the most difficult infectious processes ains such as calcolfluor white and the modified
find an etiologic agent for is diarrhea, with conrichrome stains should be used on fluid speci-
prehensive exams yielding 50-80 % of thgens such as urine, stool and mucus. Modified
causes. In North America and Europe 30-60 gjd-fast stains and/or fluorescent calcofluor
of patients with AIDS develop diarrhea, while ijyhite stains are helpful in detection of
Africa the number approaches 90 % . Of theryptosporidia, Cyclospora and Isospora. When
bacteria, Campylobacter spp., Clostridiungyaluating for bacterial or parasitic etiologies,
enteropathogeni€&. coli, Salmonella, Shigellastydies on 2-3 stool specimens over 6-10 days
and other common causes of diarrhea in thgay increase yields significantly. Biopsies col-
immunocompetent host also remain primary eficted endoscopically or by other means may be
ologies in the HIV-infected person. necessary in cases of recalcitrant or long term

: : : _ diarrheas.
Detection of the various bacteria requires several

different selective media and incubation atmo-
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Diagnosis of Bacterial Infections Newer technology has decreased the average
time to recovery of acid fast organisms in culture
Most commonly, diagnosis of bacterial infectiofrom 21 to 9 days; the combined recovery and
in the laboratory presently follows fairly tradiidentification of Mtb and MAC can now be
tional methods of staining and culture. Interpreaccomplished in 10-12 days instead of the 4 to 6
tation of the significance of isolates depends areeks of old. Furthermore, susceptibility stud-
isolate identity, site of infection, and method aés of Mtb against primary antituberculous
specimen collection. Isolates from deep-seatedjents isoniazid, rifampin, streptomycin and
normally sterile sites are usually considered athambutol now take only an additional 5 days
being more significant than those from sites eaather than 2-4 weeks from time to recovery.
ily colonized or contaminated by organisms fr@&-hese changes have been made possible because
guently found in the environment. Sputurof the introduction of new radiometric broth
specimens should still be evaluated for preserteehniques for isolation and susceptibility test-
of epithelial versus white blood cells and for theg, and of molecular probe techniques for iden-
presence of an identifiable organism or orgatification of Mtb, MAC, andM. kansasii The
isms associated with the white cells; contamntroduction of high-pressure liquid chromato-
nated specimens should not be worked up dgraphic methods to identify the mycobacteria by
most circumstances for routine bacterial cukvaluation of the characteristic presence of long
ture. Careful microscopic evaluation should als@rbon chain fatty acids (mycolic acids or myco-
be performed on all specimens from non-sterilgtes) in the cell wall has allowed for the rapid
sites for possible contamination (presence afd accurate identification of the NTM as well
epithelial cells, absence of white cells, presenas of Mth. The recently described method (poly-
of multiple or singular species of organisms remerase chain reaction (PCR)/restriction enzyme
resentative of environmental or colonizing floraggnalysis or PRA) consisting of PCR amplifica-
and workup of such contaminated specimetien of a 439-base pair segment of a heat shock
should be avoided. protein —65 gene found in aerobic actinomycetes
, followed by restriction enzyme analysis, has
Diagnosis of Mycobacterial and Mycotic been successfu.lly applied to the ider)tification of
Infections over 50 _species o_f aerot_)lc actinomycetes.
Although it can identify species of Mycobacte-

The lists of mycobacterial and fungal species’ tNocardla, Rdho_lt_joc;ccus, ”Ac.t;not.rrllla:jurs,
causing systemic disease in the HIV-infecte reptromyces, and ’suxamuretia, 1 Stifl 1acks

patient continue to grow. The common myc lefined data for identification of the slower

bacterioses and mycoses are listed in Tablegrﬂwing _I\/choba(_:teria and the pigmented rap-
and 6, respectively. Idly growing species of Mycobacteria.

Other, molecular amplification methods have
become available and FDA approved for the
diagnosis of Mtb in smear positive sputum spec-

Improvements in laboratory isolation, as well 9Mens. Such studies have high sensitivity and

in identification and susceptibility testing of the ~ " . 0
mycobacteria, has decreased the time to t?PeeClﬁClty (>95%) when smears show AFB, but

diagnosis of both traditional tuberculosis caus%g O;?i:/eprsdéi?r\;zn\;al\ljvisergltshenn;ilt(i:\r/(i)tsczrr):)casmf[o
by Mycobacterium tuberculosigMtb) and g P y b

infections caused by the nontuberculous my(%pproximately 60%. - Their clinical utility
bacteria (NTM). epends therefore on the probability or height-

ened clinical suspicion for TB with each individ-

Mycobacterioses Update
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ual case. Although amplification techniques a@ryptococcus neoformansand other hyaline
not yet available for the direct diagnosis of NTMhoulds are found fairly universally and are not
in specimens, the recent introduction of fluoreas geographically restricted.  Moulds more
cent columns for use in HPLC analysis, as we#cently recognized as increasing in importance
as the potential application of PRA, may males causes of severe, systemic acute or chronic
direct studies possible in the near future. disease includ&porothrix schenkiisome mem-
bers of the dematiaceous fungi (darkly pig-
Unlike Mtb, the NTM are not transmitted permented; including the genera Bipolaris,
son-to-person but rather are acquired from tRglohypha, Alternaria, CurvulariaPseudalle-
environment where they are commonly ubiquécheria boydiiand its asexual synanamorpbe-
tous. Reservoirs may include natural as well @86sporium apiospermymand Scedosporium
tap waters (MAC,M. kansasii M. marinum prolificang and Penicillium marneffeiThe last
many others), soil (rapidly growing mycobactgs emerging as an important HIV-related patho-
ria, M. malmoensg or even dogs and pet birdgjen in Southeast Asia and is the only dimorphic
(M. genavensge In some instances the environspecies in the genus Penicillium, whose mem-
mental source eludes ubl.(haemophilumM. bers have been traditionally —saprophytic in
szulga). Because the NTM are so common, théjature and have been contaminants in the labora-
may easily be isolated from clinical specimengry Almost any fungus is now known to be
as transient contaminants or colonizers. Thugpable of causing disease in the patient with
interpretation of their presence in cultures e@itensive enough immunosuppression, although
smears must be made carefully. Diagnostic chistopathologic documentation of involvement is
teria have been proposed by the American Thebmmonly necessary to confirm the diagnosis.
racic Society (ATS) and should be followedaboratory diagnostic methods include smears,
diligently. cultures and in a few instances serologies.

Although rapid and traditional susceptibilitypneumocystis carininas been determined to be

tests whose results correlate with clinical oufnore closely related to the fungi than to the par-
come are available for Mtb, routine susceptibigsites and is now classified with this group of
ity testing of the NTM is discouraged and oftesrganisms. The organism cannot be cultured, but
can provide erroneous and misleading informgiagnosis has been expedited through the intro-
tion. Some recommendations have been magig:tion of monoclonal fluorescent stains, whose
by the ATS for the susceptibility testing of theensitivities when used on cytospun induced or

NTM and are summarized in Table 5. bronchoscopically collected lower respiratory
secretions approaches 69-92% and surpasses the

Mycoses Update sensitivities of other stains such as giemsa, tolui-
dine O, or GMS.

As can be recognized in Table 6, certain mycoses

with geographic variation are causes of morbith most instances, however, culture on fungal
ity in patients residing or visiting specific areagnedia and identification of a fungal isolate either
Thus, histoplasmosis (most common), blastomlyy determination of characteristic phenotypic
cosis (least common) and coccidioidomycosisorphology (moulds) or in combination with
play large roles in their respective endemic ardaigchemical studies (yeasts) is still necessary to
(histoplasmosis and blastomycosis: Mississipgiake a diagnosis. Genetic probes are now avail-
and Ohio River Valleys in the U.S. and in Latiable for the rapid identification @occidioides
America; coccioidomycosis: Southwestern U.§immitis Histoplasma capsulatumand Blasto-
and parts of Latin America). Other fungi such asyces dermatitidjs these probes allow very
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accurate identification within a few days of isdsusceptibility studies are becoming more fre-
lation of the pathogens circumventing the neegiently necessary as resistant isolates accumu-
to perform immunodiffusion precipitin studies téate and become more prevalent. Not only have
confirm identities even without characteristiazole-resistantCandida albicansisolates sur-
structures or coversion studies converting tlfeced, but species of Candida intrinsically resis-
isolates from mould to yeast phase at ambidant to the azoles are becoming more commonly
temperatures. isolated as etiologies of diseasaandida gla-
brata may develop resistance to the azoles dur-
Serologic techniques are not normally helpfihg therapy, but also display higher minimal
for the clinically relevant diagnosis of most funinhibitory concentrations (MICs) against the
gal infections except in a few notable casegzoles as a wholeCandida kruseihas MICs
Serologic studies fo€occidioides immitipre- considered resistant against the azoles. Well
cipitins (IgM) and 1gG antibodies by either agefined methods for in vitro susceptibility test-
enzyme immunoassay, an agar-gel diffusion iplg are becoming more widely available and a
by complement fixation (CF) methods (CF lookstandardized broth dilution method has been rec-
ing for IgG) are very helpful not only in theommended by the National Committee for Clini-
diagnosis but also in the evaluation of the actival Laboratory Standards. Further studies are
ity of disease (prognosis). The latter can be feleeded to define more fully the clinical role of
lowed by increasing CF titers which are directiyusceptibility studies and their correlations to

related to increases in disease activity. Detectigagtient outcomes under differing clinical circum-
of cryptococcal antigen in cerebrospinal fluidiances.

(CSF) and serum has high sensitivity and is use-
ful for both diagnosis of cryptococcosis anfolecular Techniques
monitoring its response to therapy by watching
dropping titers over a course of time. Radioin& number of molecular techniques have been
munoassay for detection of a heat stahi®troduced for the detection or identification of
polysaccharide in serum or urine of patients withicroorganisms causing disease. A commercial
histoplasomosis has a high degree of sensitivéshphasis has been placed on introduction of
and specificity (>90%) in the diagnosis of digeagents for the high volume diseases such as
seminated disease (available through Dr. Josepbgenital infections due to chlamydia and the
Wheat's laboratory at the Indiana Universitgonococcus. Other infectious processes have
School of Medicine). lagged behind in commercial development of
specific reagents and molecular techniques,
A recent clinically relevant study showed thafithough methods for the detection of Mtb were
routine fungal bIOOd CUltureS in patlentS W|thecent|y approved by the FDA and are men-
HIV disease are probably contraindicated. Fufioned above. Other amplification or otherwise
gal blood cultures in 322 patients with HIMpolecular systems include hepatitis C virus,
yielded no clinically relevant isolates which hagijvy and Human Papilloma Virus (HPV). Non-
not already been recovered either through regsmmercial (“home brew”) applications include
lar blood cultures or from other sites. On thecR for HSV, enteroviruses, and other etiologies
other hand, fungal isolates were recovered in g disease, but their use is often limited to the
fungus blood cultures which were determined tﬁstitution in which they were set up and not
be contaminants; outcomes of routine culture fioadly available; thus, with a lack of wide expe-
this setting could therefore be more confusingnce, their performance in the diagnosis of dis-
than diagnostically helpful. ease is still hard to define.
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Still, the application of molecular techniques tmcluding CMV antigenemia assay, whole blood
clinical care situations is at present expandiRCR, and plasma PCR, but no single method has
and an area in which it is more highly advancdeen shown to be better than another at this time.
is in the diagnosis and viral load evaluations &ecent recommendations include monitoring
CMV in various immunocompromised patientgatients with CD4 counts of less than 50 mm3
CMV causes significant morbidity and mortalitgvery 2 months for CMV load. Patients with
in the HIV-infected patient, affecting up to 40%lasma or whole cell CMV DNA of any level
of such patients during their course of illness. may require prophylactic therapy, although a
most situations CD4 counts in symptomatigsigher threshold may apply for the more sensi-
patients decrease below 100 mm3. The virtige PMN-based antigenemia assay.
seeds the eyes, the gastrointestinal tract and, as
recently recognized, the central nervous systemihe role of quantitative viral load testing in
prognosis and monitoring of response to therapy
Recent studies have shown a correlation betwegljust now being scrutinized. A major concern at
a high systemic CMV load and CMV diseasthis time is the lack of standardization of meth-
CMV load also seems to predict development ofls, so that results of various studies may not be
disease, response to therapy and disease progiv@ctly comparable. Once such standardization
sis, although a few patients with CMV retiniti®ccurs, evaluations of molecular techniques for
have low or undetectable viral loads. Severabth diagnosis and monitoring of the clinical
methods have been used to show the associatianse of an infectious process will be simplified
between viral load and disease progressidremendously.

147



1998 ONFERENCEON THE LABORATORYSCIENCEOF HIV

Table 1. More common microorganisms causing HIV-associated pulmonary disorders

Bacterial:
S. pneumoniagéH. influenzaeS. aureusM. catarrhalis P. aeruginosaother Gram Negative Bacilli,
including Legionella; Rhodococcus, Nocardia, Mycobacterium tuberculosis, Mycobacterium avium
Complex, other Nontuberculous Mycobacteria

Fungal:
Pneumocystis, Cryptococcus, Blastomyces, Histoplasma, Coccididgfmsgillus

Parasitic:
Strongyloides , Toxoplasma, Cryptosporidium

Viral:
Herpes virus (CMV, HSV, VZV, EBV), Adenovirus, Influenza, RSV, Measles, Rhinovirus

*Adapted from Rosen

Table 2. Incidence rates of lower respiratory tract infections in 1116 HIV seropositive
patients.

Infection # Patients %
Bacterial pneumonia 53 4.8
Pneumocystis 43 3.9
NTM 12 11
Mtb 10 0.9
Nonspecific pneumonitis 8 0.7
Cryptococcus 5 0.5
CMV 3 0.3
Other 1 each 0.4

(1 each Herpes, Toxo,
Histo, lung abscess)

Adapted from Wallace
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Table 3. Evaluation of AIDS patients with pulmonary infiltrates

Sputum or Induced Sputum

Blood and/or CSF
Blood and/or urine

Urine

Pneumocystis (DFA, Giemsa, GMS)
Usual bacterial pathogens (GS, culture)
Fungal culture (Crypto; Histo, Coccy)
AFB Culture and stain
Legionella (culture, DFA??)

Cryptococcus (India ink, latex)
Histoplasma (EIA)

Legionella urinary antigen

Adapted from Meduri

Table 4. Major mycobacterial diseases in HIV-infected persons

M. tuberculosis

Mycobacterium aviunComplex

M. kansasii

M. genavense

M. xenopi

M. haemophilum

M. fortuitum chelonei, abscessus

Effects all levels of immunity; pulmonary,
extra-pulmonary with lowered immunity

50 CD4,; disseminated; BCBs for diagnosis and treat-
ment monitoring.

<200 CD4; pulmonary (25% extrapulmonary); signifi-
cant

<50 CD4; similar to MAC,; difficult to grow

Severe immunocompromised; disseminated; respira-
tory isolates may not be significant.

<200 CD4; cutaneous, septic arthrits,etc; requires
heme, lower temperatures to grow.

Rapidly growing Nontuberculous Mycobacteria

Adapted from Chin et. al
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Table5. Recommendationsfortheinvitrosusceptiblitytestingofthenontuberculous
mycobacteria.

NTM Species Recommendation

Mycobacterium avium Test clarithromycin only, and only if patient fails
empirical prophylactic therapylycobacterium
kansasii Test rifampin only, and only if patient
has been previously treated.

Rapidly growing Mycobacteria Amikacin, doxycycline, imipenem, fluoroquinolo-
nes, sulfonamides, cefoxitin, clarithromy-
cin...Base therapy on susceptibility profile.

Other NTM Review individual needs and availabliity of in
vitro study protocols (nonstandardized).

Adapted from American Thoracic Society Guidelines, 1997.

Table 6. Major Mycoses in AIDS

Candidiasis >90% HIV worldwide; mucosal

Pneumocytosis Usually pulmonary, rarely disseminated.
Cryptococcosis % to 15% HIV

Histoplasmosis 30% HIV locally; Midwest US/Latin America Dis-

seminated infection/respiratory

Coccidioidomycosis Locally common; Southwest US/Latin America Pri-
mary an reactivation; respiratory and disseminated

Blastomycosis Rare/pulmonary disseminated;
Midwest US/scattered worldwide
Paracoccidioidomycosis Rare/disseminated
Penicilliosis (marneffei) Locally 20% HIV; Northern Thailand/China
Disseminated pulmonary/skin
Aspergillosis Uncommon, but need to be considered
Zygomycosis Uncommon, but need to be considered
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